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PROCEEDINGS OF THE EIGHTH ANNUAL MEETING OF 
THE NORTH CAROLINA ACADEMY OF SCIENCE, 
HELD AT TRINITY COLLEGE, DUR- 

HAM, N. C., APRIL 30ra AND 
MAY Isr, 1909. 


The Executive Committee met at 3:30 P. M. Friday, April 
30th. Present Prof. W. H. Pegram, and Vice Pres. J. J. 
Wolfe and Secy. E. W. Gudger ez officio. Messrs. Franklin Sher- 
man Jr. and T. G. Pearson were asked to become members pro 
tem. The report of the Secretary-Treasurer was listened to and 
commended to the Academy. The following persons were nomi- 
nated and elected to membership in the Academy: Z. P. Met- 
calf, Assistant Entomologist, Dept. Agriculture, Raleigh, N. C.; 
S. C. Clapp, Inspector, Division of Entomology, Dept. Agriculture, 
Raleigh, N.C.; C. A. Shore, Director, State Laboratory of Hygiene, 
Raleigh, N. C.; Henry D. Aller, Director, Fisheries Laboratory, 
Beaufort, N. C.; W. G. Chrisman, State Veterinarian, Dept. 
Agriculture, Raleigh, N. C.; J. L. Burgess, Soil and Crop Spe- 
cialist, Dept. Agriculture, Raleigh, N. C. 

The following amendments, proposed by the Secretary, were 
recommended to the favorable action of the Academy: 
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Amendment I. 

Art. II. Sec. 1 be amended by the addition of the follow- 
. ce . . %) 
ing words after privileges of the Academy’’: 

The application for membership shall be accompanied 
by the dues for the current year—the same to be returned 
to the applicant should he not be elected. 


Amendment II. 

Art. V. Sec. 1 be stricken out; the following be inserted 
in its place: The official organ of the Academy shall be 
the Journal of the Elisha Mitchell Scientific Society pub- 
lished at the University of North Carolina. The editor of 
the Journal and the Secretary of the Academy shall com- 
pose the editorial board for the Academy, subject to the 
general control of the Executive Committee of the Acad- 
emy. 

The Committee, after explanation as to why it had not been 
done sooner, authorized the Secretary, as soon as the list of active 
members is perfected, to print and send to each member of the 
Academy a copy of the revised constitution of the Academy 
including the roll of members. 

The Committtee recommended to the Academy that a commit- 
tee on membership be appointed to work up a greater member- 
ship for the Academy among the scientific men of the state, and 
that the Secretary be ex officio chairman thereof. 

At 4:30 Vice Pres. Wolfe, in the absence of President Tait But- 
ler, called the Academy to order and the remainder of the 
afternoon was devoted to the presentation of papers. Before 
adjournment the chair appointed the following committees: to 
audit Treasurer’s accounts, Charles H. Herty, W. N. Hutt, and 
F. Sherman Jr.; on resolutions, Collier Cobb, J. F. Lanneau, and 
S. B. Shaw; on nominations, H. V. Wilson, Franklin Sherman, 
Jr., and A. S. Wheeler. 

At 8:30 P. M. the Academy met in Memorial Hall and was 
cordially welcomed to Trinity College by Dean W. P. Few. On 
behalf of the Academy, response was made by retiring President 
T. G. Pearson. Mr. Pearson then lectured on ““‘The Work of the 
Audubon Society in Preserving Rare Forms of Bird Life in Amer- 
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ica,’’ using lantern slide illustrations. At 9:30 P. M. the Fac- 
ulty of Trinity College gave a reception to the members of the 
Academy. 

At the reassembling of the Academy at 9:45 A. M. Saturday, 
May Ist, a short business meeting was held. The minutes of last 
meeting were read and approved. The actions and recommenda- 
tions of the Executive Committee as noted above were unani- 
mously confirmed. The Auditing Committee reported that the 
books of the Secretary-Treasurer showed a balance on hand of one 
hundred five dollars and eleven cents ($105.11), agreeing with 
his bank book. The Nominating Committee’s report was adopted 
and officers elected for the ensuing year as follows: 

President, Prof. W. C. Coker, University of North Carolina, 
Chapel Hill, N. C. 

Vice President, Prof. W. H. Pegram, Trinity College, Durham, 
N. C. 

Secretary-Treasurer, Dr. E. W. Gudger, State Normal College, 
Greensboro, N. C. 

<xecutive Committee: 

Mr. H. H. Brimley, State Museum, Raleigh, N. C. 

Prof. C. W. Edwards, Trinity College, Durham, N. C. 

Dr. W. S. Rankin, Wake Forest College, Wake Forest, N. C. 

The Chair appointed as the Committee on Membership, the 
Secretary ex officio, Mr. Franklin Sherman Jr., Dept. Agriculture, 
Raleigh, N. C.; Prof. John F. Lanneau, Wake Forest College, 
Wake Forest, N. C.; Prof. Collier Cobb, University of North Car- 
olina, Chapel Hill, N. C. 

Following the business meeting, the reading of papers was 
resumed. At 1:45 the Academy adjourned for lunch. At 3:20 
the Academy reconvened and the remainining papers on the pro- 
gram were presented. Prof. Edwards’ paper on ‘“College Entrance 
Requirements in Science in North Carolina’’ provoked consider- 
able discussion. On motion the Chair appointed the following 
committee to collect data and report at our next meeting on 
‘‘Science Teaching in North Carolina High Schools Preparatory 
to Entrance for College’’: 

Prof. C. W. Edwards, Trinity College, Durham, N. C. 

Prof. A. 8. Wheeler, Chapel Hill, N. C. 
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Dr. H. V. Wilson, Chapel Hill, N. C. 

Dr. W. C. Coker, Chapel Hill, N. C. 

Prof. W. N. Hutt, Raleigh, N. C. 

The committee on resolutions brought in a resolution of appre- 
ciation and thanks for the many courtesies received at the hands 
of the Faculty and Ladies of Trinity College. 

At 4:20 the Academy adjourned. 

The following members were present at the meeting: 

H. U1. Brimley, W. C. Coker, Collier Cobb, R. O. E. Davis, 
H. N. Eaton, C. W. Edwards, E. W. Gudger, C. H. Herty, 
W.N. Hutt, Archibald Henderson, J. F. Lanneau, Mrs. C. D. 
McIver, J. E. Mills, T. G. Pearson, W. H. Pegram, J. H. Pratt, 
F. L. Stevens, W. B. Streeter, Franklin Sherman, 8S. B. Shaw, 
H. V. Wilson, A. S. Wheeler, J.-J. Wolfe, G. M. MacNider, 
Z. P. Metcalf, S. C. Clapp, G. A, Roberts—27. 


The following papers were presented: 


The Chemistry of Scrape Formation, Chas. H. Herty, University of 
North Carolina, Chapel Hill, N. C. 


*“Scrape’’ is the hardened resinous mass which forms gradually 
on the scarified surface of certain pines during the turpentine 
season, March to November. Determination of the unsa- 
ponifiable matter in various oleo-resins shows that the amount of 
this material is relatively high in trees which do not form scrape 
(Pinus Heterophylla) and low and variable in scrape forming 
trees (Pinus Palustris). The explanation is offered that the 
amount of scrape formed is approximately inversely proportionate 
to the per cent of unsaponifiable matter present, this being a 
honey-like, non-crystallisable substance which acts as a retardant 
of crystallization in the oleo-resin after it exudes from the tree. 
Confirmation of this idea is furnished by analyses of the oleo- 
resins of Loblolly Pine (P. Taeda) and old Field Pine (P. Echi- 


nata). 


The Great Comet Next Spring, John F. Lanneau, Wake Forest 
College, Wake Forest, N.C. 
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A Study of Varieties, W. N. Hutt, Department of Agriculture, 
Raleigh, N. C. 


Plants of economic value being subject to domestication usually 
give rise to numerous varieties. 

Horticultural plants afford better material for study than agri- 
cultural, because the latter are usually treated collectively while 
the former are necessarily treated as individuais. 

Varieties of a century ago as listed by Wm. Coxe, of Barling- 
ton, N. J. in 1818 as compared with modern varieties. 


No. listed by Coxe. Listed now. 
IR 6 cict ccc cses 133 2138 
PUR scousechowas da 65 2567 
PE codeactics 38 449 
I iis tnteceses 18 522 


Of the 133 apples listed by Coxe, 48 or 32 per cent of them are 
of foreign origin. Now, exclusive of recent Russian importation, 
but four are found in present variety lists. Variety lists are 
becoming more and more native American. 

Pear varieties are largely foreign, but most useful varieties for 
American conditions are natives e. g. Seckel, Keifer. 

Of early varieties of apples as listed by Coxe but nine are found 
in the lists of today. Of 2138 varieties of apples in modern lists 
only 85 are the result of seed planting and selection. All remain- 
der are chance seedlings. The life of a chance seedling is a good 
example of the “‘fortuitous law of chance.’? One may survive, 
millions are lost. 

teasons for varieties not ‘‘coming true.’ 

Reasons for ‘‘running out’’ of varieties. 

The history of the corn is an example of variation. The toma- 
to is in a state of evolution due to high feeding under domestica- 


> 


tion. 

The impossibility of obtaining ideal varieties is because our 
ideals advance with our knowledge and many of the characteris- 
tics we would want in an ideal variety are incompatible in one 
individual. 
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Ideals are well illustrated by opposites. 
We want— 

Apples that will grow farther south. 

Peaches that will grow farther north. 

Pears that will not blight and that have no grit and sand in 
them. 

Oranges that are not bitter and pithy. 

Quinces that are not wooden. 

Grapes without seeds. 

Berries that are not seedy, and the small boy wants the stom- 
ach-acheless green apple. In short we want the rainbow, but as 
we advance it ever recedes. 


Social Science: Report on the White House Conference on Care of 
Dependent Children, W. B. Streeter, Superintendent of the 
North Carolina Children’s Home Society, Greensboro, N. C. 


Syllabi of Conference Resolutions 


1. Home Care: Children of worthy parents or deserving moth- 
ers should, as a rule, be kept with their parents at home. 

2. PREVENTIVE Work: Society should endeavor to eradicate 
sauses of dependency like disease and to substitute compensation 
and insurance for relief. 

3. Home Finpinc: Homeless and neglected children, if nor- 
mal, should be cared for in families, when practicable. 

4. Corrace System: Institutions should be on the cottage 
plan with small units, as far as possible. 

5. Incorporation: Agencies caring for dependent children 
should be incorporated, on approval of a suitable State Board. 

6. Srate Inspection: The State should inspect the work of all 
agencies which care for dependent children. 

7. Inspecrion oF EpucationaL Work: Educational work of 
institutions and agencies caring for dependent children should be 
supervised by State educational authorities. 

8. Facrs anp Recorps: Complete histories of dependent chil- 
dren and their parents should be recorded for guidance of child- 


caring agencies. 
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9. PuHystcaL CARE: Every needy child should receive the best 
medical and surgical attention, and be instructed in health and 
hygiene. 

10. Co-operation: Local child-caring agencies should co-op- 
erate and establish joint bureaus of information. 

11. UNpestRABLE L&aIsLation: Prohibitive legislation against 
transfer of dependent children between States should be repealed. 

12. PERMANENT ORGANIZATION: A permanent organization for 
work along the lines of these resolutions is desirable. 

3. FEDERAL CHILDREN’s Bureau: Establishment of a Federal 
Children’s Bureau is desirable, and enactment of pending bill is 
earnestly recommended. 


The Planet Mars, John F. Lanneau, Wake Forest College, Wake 
Forest, N. C. 


The Photographic Equipment of a Biological Laboratory and Some 
Microphotographs Useful in Teaching, H. V. Wilson, University 
of North Carolina, Chapel Hill, N. C. 


The photographic equipment of the new Biological Laboratory 
of the University of North Carolina was described. For life-size 
photographs or reductions a Bausch and Lomb Tessar lens used in 
a Century View camera mounted on a Folmer and Schwing tilting 
laboratory stand, has proved useful. For low magnifications the 
Zeiss microplanars 4 and 5 held in a Century View camera or in 
a Zeiss horizontal-and-vertical camera are used, either with reflect- 
ed or transmitted light. In the latter case the object (an entire 
microscope slide, for instance, covered with growing organisms) 
is placed on a wooden box over a very large aperture through 
which the light is sent from a large plane mirror. For micropho- 
tographs the Bausch and Lomb apparatus is used, either with a 
Thompson automatic electric lamp or with an acetylene lamp so 
made as to fit the same light box. For freshly mounted balsam 
or for glycerine slides the vertical microscope with prism-arrange- 
ment offers great advantage. For low magnifications of large 
fields the Zeiss microplanars 1-3 without ocular, warrant the praise 
that has been given them. The microphotographs exhibited were 
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of preparations illustrating points of general interest in the fields 
of vertebrate embryology and histology. 


New Occurrence of Monazite in North Carolina: Joseph Hyde Pratt, 
State Geologist, Chapel Hill, N. C. 


Published in full in this issue. 


College Entrance Requirements in Science in North Carolina: C. W. 
Edwards, Trinity College, Durham, N. C. 


An Alteration in the Direction of Growth that may be induced in 
Sponges: H. V. Wilson, University of North Carolina, Chapel 
Hill, N. C. 

One of the common sponges in Beaufort harbor, Stylotella sp., 
develops oscular lobes which grow up toward the surface of the 
water when the sponge rests on the bottom. Ifnow sucha sponge 
with a set of well developed lobes be laid on its side in a large 
aquarium, growth takes place at many points on the lobes and at 
right angles to their long axis. This growth leads in the course 
of a week to the development of a new set of oscular lobes which 
again extend up towards the surface of the water but at right angles 
to the former lobes, whose terminal oscula have now disappeared. 


The Wistar Institute Journals and the Need for their Support: H. V. 

Wilson. 

It was pointed out that the growth in the biological depart- 
ments of colleges led to the need of suitable organs for publica- 
tion, and that it was to the manifest interest of these departments 
to lend financial support to such journals as those of the Wistar 
Institute. 


A New Species of Water Mold: W. C. Coker, University of North 

Carolina, Chapel Hill, N. C. 

In Oct. 1908 a species of Leptolegnia was found at Chapel Hill, 
N.C. and has been kept growing in the laboratory since. It 
proves to be near the long lost Leptolegnia caudata DeBary of Ger- 
many, but seems to be distinct enough to be considered a new 


species. 
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Delayed Opening of Cones in Certain Species of Pines: W. C. Coker. 


Cones of Pinus tuberculata from California and Pinus serotina 
from South Carolina were shown. Though mature for about 
eight years they had not opened. This tendency is developed to 
such an extent in P. tuberculata that the cones seem never to open 
until the wood on which they are borne is dead. 


Exhibit of a Double-flowered Sarracenia and a New Variety of Elli- 
ott’s Gentian: W. C. Coker. 

Double flowers of Sarracenia rubra were shown from Hartsville, 
S.C. They have not before been known in the genus. Other 
specimens exhibited were a white variety of Gentiana Elliottii 
from Society Hill, 8. C. and leaves and fruits of Acer Floridana 
from Chapel Hill, N. C. 


Some Notes on the Song Periods of Birds: C. S. Brimley, Raleigh, 

N.C. 

The writer commenced taking notes on what species of birds 
were in song at Raleigh, N. C., during the last week of June, 
1908, and this paper gives the results obtained up to the end of 
April, 1909. 

On the Numher of Species of Birds that can be Observed in one Day at 

Raleigh, N. C.: C. 8S. Brimley. 


Published in full in this issue. 


Geology and the Lumber Market. Collier Cobb, University of 
North Carolina, Chapel Hill, N. C. 


Studies in Soil Bacteriology IIT, Concerning Methods for Determina- 
tion of Nitrifying and Amonifying Powers, by F. L. Stevens and 
W. A. Withers, assisted by J. C. Temple, W. A. Syme, J. K. 
Plummer and P. L. Gainey, North Carolina Experiment Sta- 
tion, Raleigh, N. C. 

Since nitrate nitrogen is generally believed to be the most read- 
ily available and most valuable form of nitrogen for plants, means 
of measuring the ability of various soils to produce nitrate nitro- 
gen, to nitrify, are desirable. To determine nitrifying power; to 
recognize deficiencies in nitrifying power; to ascertain the cause 
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of such deficiencies when they exist and to find means of correct- 
ing them, all require quantitative studies of this factor of soil fer- 
tility. To make quantitative determinations of nitrifying power 
that shall be of broad utility and general value, methods must be 
devised the trustworthiness of which can be recognized. 

Three conditions to be recognized in considering the nitrifying 
ability of a soil are: 

1. The nitrifying organisms present. 

2. The physical and chemical fitness of the soil for the proper 
functioning of those organisms. 

3. The nitrifying efficiency of the soil plus the organisms exist- 
ing in it. 

NITRIFICATION INOCULATING POWER (NIP) 

The index may be called the Nitrification Inoculating Power 
which may be abbreviated as NIP. It recognizes only the factor 
of the live organisms present, taking no account of the fitness or 
unfitness of the soil for their activity. It does not regard bacter- 
ial species but merely the complex present in the soil at the time 
it is tested. 

Theoretically the NIP may be high in a soil in which, owing 
to adverse chemical or physical conditions, no nitrifrication real- 
ly occurs. Theoretically nitrifying bacteria may be present in 
goodly number in a soil possessing physica! and chemical condi- 
tions favorable to rapid nitrification yet no nitrate appear, owing 
to the presence of other species of the bacteria or of substances 
which either inhibit the action of the nitrifiers or destroy the 
nitrate which they produce so that nitrate does not appear as a 
final product. NIP considers only the efficiency of the organisms 
present to give nitrate as a final product under circumstances fav- 
orable to their growth. 


NITRIFYING CAPACITY (Nc) 


The second index, fitness of the soil as regards factors other 
than its content of living things, i.e. its capacity to support nitri- 
fication provided proper organisms be present, may be designated 
as its Nitrifying Capacity, abbreviated as NC. NC regards only 
the non living factors. Theoretically soil may be of high NC 
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but still fail to nitrify owing to lack of proper organisms, i.e., to 
lack of proper NIP. Theoretically a soil may be of low NC yet 
show high NIP. NC will on final analysis be found to depend 
upon physical conditions and chemical composition including 
water content. 

NITRIFYING EFFICIENCY (NE) 

The third index may be designated on the nitrifying efficiency 
of the soil, abbreviated NE, which regards the efficiency of the soil 
as a whole to produce nitrates as a final product. NE may be 
low owing to lack of NIP or to lack of NC or both. NE will be 
high if there be high NIP associated with high NC. 

Proper determination of NE will show whether a given soil is in 
normal vigorous nitrifying condition. If such is not the case, 
determination of NC and NIP will show whether it is the bacte- 
rial or non bacterial factors which are at fault and may lead to 
correction of existing defects. 


CONDITIONS FOR DETERMINING THESE INDICES 


Directions for determining these three factors of Nitrification 
are worked out on the basis of a large mass of experimental evi- 
dence and the results of a large number of analyses made in 
accordance with these methods are presented. 


Observations on Bird Life of Great Lake in Craven County, North 
Carolina: H. H. Brimley, Curator State Museum, Raleigh, 
N. C. 

[Read by title]. 


Senses of Insects. By Franklin Sherman, Jr., Entomologist, 
Department of Agriculture, Raleigh, N.C. 
Published in full in this issue. 


Methods of Reproduction Among Insects: Z. P. Metcalf, Department 
of Agriculture, Raleigh, N. C. 


Some Unrecognized Factors Affecting the Potential Differences Devel- 
oped in an Induction Coil: C. W. Edwards, Trinity College, Dur- 
ham, N. C. 

[Read by Title]. 
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Oral Gestation Among Jeleostean Fishes. E. W.Gudger, State Nor- 

mal College, Greensboro, N. C. 

Oral Gestation is not uncommonly practiced by Siluroid and 
Cichlid Fishes. Many marine, estuarine, and freshwater Catfishes 
of Central and South America, India, and Australia carry their 
eggs and young in their mouths. With one possible exception, it 
is always the male who thus incubates the eggs. 

Among the Cichlids of South America, Africa, and Syria this 
habit is very prevalent. In these fishes it is generally the females 
who thus care for their progeny. 

Seattering cases of this habit among other Teleosts are occasion- 
ally met with, especially among snecies belonging to the genera 
Apogon and Cheilodipterus. It seems probable that further re- 
search among these Jatter forms will extend our knowledge of this 
curious habit which is invariably associated with unusually large 
size of the eggs. 

The writer has been engaged for fifteen months in working up 
the literature of this extraordinary habit in fishes. This work is 
being done for the Bureau of Fisheries, and will be issued in its 


publications. 


The Linear Classification of the Cubic Surface. Archibald Hender- 

son, University of North Carolina, Chapel Hill, N. C. 

The speaker considered the twenty-one different types of the cubic 
surface (neglecting the two scrolis) reduced to canonical form 
with reference to the straight lines lying wholly upon the surface. 
By proper choice of constants, he succeeded in representing, in 
each case, the lines in position with reference to the fundamental 
tetrahedron. He exhibited diagrams, in color, of the lines, with 
proper reference to each other and to the fundamental tetrahe- 
dron, for all twenty-one types of the cubic surface. 


The Terminal Bud of the Sweet Gum, Liquidambar Styraciflua. 
E. W. Gudger, State Normal College, Greensboro, N. C. 


This tree has on the ends of its lateral branches terminal buds of 


two kinds. One is of ordinary size and contains only leaves and an 
embryonic branch. The other kind is very large and swollen. 
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Dissection or subsequent development on the tree shows that this 
contains a cone made up of the familiar sweet gum balls —it is 
seemingly a terminal bud devoted solely to the production of flow- 
ers. Later, the lowest bal! (sometimes the two lowermost) devel- 
ops an extraordinarily long pedicel, and the stem bearing the cone 
breaks off just above the point of attachment of this pedicel leav- 
ing but one ball of the six or eight to come to maturity. About 
this time a very small leaf bud makes its appearance just below 
the base of the cone and this lateral bud later becomes the terminal 
bud which by its growth elongates the branch. 


Social Science: The Work of the Woman’s Association for the Better- 
ment of Schools. Mrs. Charles D. McIver, Field Secretary 
Woman’s Betterment Association of North Carolina, Greens- 
boro, N. C. 


Notes on the Petrography of the Granites of Chapel Hill, N.C. H.N. 
Eaton, University of North Carolina, Chapel Hill, N. C. 


Some Results of Municipal Milk Inspection in Raleigh, N. C. L. 


F. 
Stevens, North Carolina Experiment Station, Raleigh, N. C. 
The results of three years analyses are collated and compared. 
During the period 1097 samples were analysed bacteriologically 
and chemically. 
The improvement in the milk bacterially during the cool 
months, the warm months, and by entire years, is shown in the 
following tables. 


TABLE I SHowrnc [mMpROVEMENT Durinc Coot Monrus 


Bacteria per cubic centimeter. 


No. More than More than More than 

Year Analysed 500,000 1,000,000 5,000,000 
No. % No. % No. % 

1905 72 25 34 18 25 2 3 
1906 136 54 39 31 22 10 7 
1907 176 32 18 18 10 OQ 0) 
1908 1938 35 18 18 9 2 1 








52 JOURNAL OF THE MITCHELL SOCIETY [ June 





TaB_eE II SHowrna ImproveMENT Durinc SUMMER Monrus 


Bacteria per cubic centimeter. 


No. More than More than More than 

Year Analysed 500,000 1,000,000 5,000,000 

No. % No. % No. ¥, 

1906 136 78 57 57 41 23 17 
1007 166 65 39 43 26 7 ! 
1908 160 51 32 23 14 1 1 


TABLE III SHowrnc IMPROVEMENT IN BACTERIAL CONTENT 


Bacteria per cubic centimeter. 


No. More than More than More than 

Year analysed 500,000 1,000,000 5,000,000 

No. % No. % No. v, 

1906 272 132 48 88 32 35 12 
1907 342 97 28 61 17 7 2 
1908 353 86 24 41 11 3 1 


Watering and Skimming 


While bacterial content is of most significance as regards health 
of Raleigh citizens, the question of watering and skimming of milk 
offered for sale is not without interest to the buyers. Similar 
inspection of our records as shown in the two following summar- 
ies shows that milk of low fat content or of low content of “‘solids 
not fat’’ occurred frequently three years ago while at present such 
milk is very rarely found. Many reports were made during the 
first years of the inspection of undoubted cases of watering or 
skimming, or both together. Such practice is now rare. 

A summary of the findings regarding the fat content for the 
several years is as follows: 
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No. of No. of samples, Per cent of samples 
Year samples below legal below legal amount 
analysed amount of fat. of fat. 
1905 37 7 19 
1906 286 33 11 
1907 353 26 7 
1908 353 14 4 


Showing clearly the improvement wrought during these years. 


SUMMARY OF THE Finpincs REGARDING ‘‘Souips nor Far.’’ 


No. of samples contain- Per cent samples contain- 
Year ing below 8 per cent. ing below 8 per cent 
1905 12 28 
1906 42 14 
1907 54 12 
1908 25 7 


In light of the above facts it can be justly claimed that the 
inspection has wrought much improvement in our milk supply. 


E. W. GupaGer, 
Secretary. 








ON THE NUMBER OF SPECIES OF BIRDS THAT CAN 
BE OBSERVED IN ONE DAY AT RALEIGH, N. C. 


BY C. 8. BRIMLEY 


Last fall while Mr. Sherman, Mr. Z. P. Metcalf and myself 
were in conversation, Mr. Metcalf asked me how many species of 
birds I had ever noted in one day here, adding that in Ohio in 
January, he had seen as many as 33, excluding English Sparrow. 
From this time Mr. Sherman and myself became also interested 
in the subject, and have made many notes on the birds seen in a 
single day. 

A summary of our observations may be added before going into 


any detail. 


Nov. 1908. Total No. species observed 55. Most inaday 34 


Dec. 1908. oi 5O “ 29 
Jan. 1909. ” 49 a 34 
Feb. 1909. - 43 z 30 
Mar. 1909. om 60 nt 10) 
Apr. 1909. ce 95 i 62 


The species observed in November were: 


1. American Woodcock 10. Southern Hairy Wood- 
2. Killdeer pecker 

3. Mourning Dove 11. Southern Downy Wood- 
4. Bob-white pecker 

5. Great Horned Owl 12. Pileated Woodpecker 

6. Red-shouldered Hawk 13. Yellow-bellied Sapsucker 
7. American Sparrowhawk 14. Red-headed Woodpecker 
8. Turkey Vulture 15. Flicker 


9. Black Vulture 16. Phoebe 
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17. Crow 37. Myrtle Warbler 

18. Blue Jay 38. American Pipit 

19. Redwinged Blackbird 39. Cedar Waxwing 

20. Meadow Lark 40. Mocking Bird 

21. Rusty Blackbird {1. Carolina Wren 

22. Purple Grackle 42. Winter Wren 

23. American Goldfinch 43. Tufted Tit 

24. Purple Finch 44. Carolina Chickadee 
25. English Sparrow 15. Brownheaded Nuthatch 
26. Savanna Sparrow 46. Red-breasted Nuthatch 
27. White throated Sparrow 47. White-breasted Nuthatch 
28. Field Sparrow 48. Brown Creeper 

29. Song Sparrow 19. Golderowned Kinglet 
30. Swamp Sparrow 50. Rubycrowned Kinglet 


51. Hermit Thrush 

2. American Robin 

. Bluebird 

. Fox Sparrow 

. Unidentified Duck 


31. Slate colored Junco 
32. Towhee 

33. Cardinal 

34. Blueheaded Vireo 
35. Migrant Shrike 

36. Pine Warbler 


Stor or oro 
Ww bo 


OU he 


The largest number of species observed in any one day was on 
the 17th, when Messrs. F. Sherman, Z. P. Metcalf and myself 
took a day’s tramp to the river (Neuse) and back. The species 
observed on this day were woodcock, both vultures, hairy, downy, 
and red-headed woodpeckers, and sapsucker, phoebe, crow, 
meadow lark, cardinal, junco, towhee and six sparrows, (all ex- 
cept fox), goldfinch, both warblers, pipit, mocker, both wrens, 
both tits, two nuthatches (except redbreasted), gold crowned 
kinglet, hermit thrush, robin, and bluebird. 

The species observed in December were the same as those in 
November, except that no duck, killdeer, bob-white, dove, owl, 
sapsucker, rusty blackbird, purple grackle, blueheaded vireo, or 
waxwings were seen, while pine siskir, Wilson’s snipe, marsh, 
and Cooper’s hawks and redtailed hawks were added to the winter’s 
list, making a net loss of five species for the month. 

In January the species observed were the same as those in 
December, except that American woodcock, Wilson’s snipe, red- 








56 JOURNAL OF THE MITCHELL SOCIETY [June 


tailed hawk, redheaded woodpecker, towhee, pipit and shrike, 
were not observed, while in addition to the December birds, great 
blue heron, dove, yellow palm warbler, bob-white, purple grackle 
and Bewick’s wren were noted, a net loss of one. 

The longest list of species seen in one day was by myself on 
Jan. 12!h, and the observations covered only halfaday. The 
species were: red-shouldered hawk, dove, both vultures, 3 wood- 


peckers, phoebe, crow, 6 sparrows, goldfinch, siskin, cardinal, 


-unco, pine and myrtle warblers, redwing blackbird, mocker, Caro- 
Jina and winter wrens, brown creeper, tufted and Carolina tits, 
both kinglets, brown headed nuthatch, bluebird, hermit thrush 
and robin. 

The February list dropped dove, Cooper’s and Marsh hawks, 
pileated woodpecker, purple grackle, red breasted nuthatch, and 
phoebe, and added only shrike, a net loss of six species. 

The March list added chipping sparrow, bluegray gnatcatcher, 
blue headed and white eyed vireos, black and white, and yellow 
throated warblers, and Louisiana water thrush, all spring arrivals, 
and also dove, killdeer, Wilson’s snipe, redtailed hawk, phoebe, 
yellow bellied sapsucker, pileated woodpecker, purple grackle, 
towhee, all observed before this winter, and vesper sparrow for- 
merly a winter visitor at Raleigh but of late years only observed 
very sparingly, also kingfisher and brown thrasher, which are 
occasional in winter. Two species were dropped, Bewick’s wren 
and pine siskin, making a net gain of 17 species. 

The largest number of species were observed on the 31st during 
a half day’s tramp, by Sherman and myself. The list of 40 species 
was as follows: great blue heron, Wilson’s snipe, kingfisher, pile- 
ated woodpecker, flicker, dove, phoebe, crow, redwing, blackbird, 
7 sparrows, cardinal, junco, purple finch, pine, myrtle, yellow- 
throated, and black and white warblers, white eyed vireo, . Louis- 
iana water thrush, Carolina and winter wrens, mocker, 
thrasher, Carolina and tufted tits, ruby crowned kinglet, robin, 
hermit thrush, bluebird, brown headed nuthatch, red shoul- 
dered hawk, both vultures, and purple grackle. 

The total April list far exceeded that of the previous months, 
owing to the arrival of summer visitors and transients. The birds 
noted up to and inclusive of the 27th were as follows: 
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1. Pied-billed Grebe 
2. Great Blue Heron 
3. Green Heron 
x4. American Bittern 
5. King Rail 
6.. American Coot 
7. Wilson’s Snipe 
8. Spotted Sandpiper 
9. Lesser Yellowlegs 
x10. Bob-white 
x11. Mourning Dove 
x12. Turkey Vulture 
13. Black Vulture 
14. Sereech Owl 
x15. Red-shouldered Hawk 
X16. Cooper’s Hawk 
17. Red-tailed Hawk 
18. Belted Kingfisher 
19. Whippoorwill 
x20. Chimney Swift 
x21. Rubythroated H u m- 
ming Bird 
x22. Downy Woodpecker 
x23. Red-headed Woodpecker 
x24. Flicker 
25. Phoebe 
x26. Crested Flycatcher 
27. Wood Pewee 
28. Kingbird 
29. Bobolink 
x30. Redwinged Blackbird 
x31. Meadow Lark 
x32. Blue Jay 
x33. American Crow 
x34. American Goldfinch 
35. Pine Siskin 
x36. Purple Finch 


x3/. 


English Sparrow 


x38. 
39. 
x40. 
41. 
x42. 
x43. 
44, 
x45. 
16. 
47. 
x48. 
x49. 


x50. 
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White-throated Sparrow 
Vesper Sparrow 
Savanna Sparrow 
Henslow’s Sparrow 
Field Sparrow 
Chipping Sparrow 
Song Sparrow 
Swamp Sparrow 
Bachman’s Sparrow 
Slate colored Junco 
Cardinal 

Towhee 


Rose-breasted Grosbeak 


51. Indigo Bunting 

- Scarlet Tanager 

. Summer Tanager 

. Purple Martin 

5. Barn Swallow 

>. Roughwinged Swallow 
. Red-eyed Vireo 


Blue-headed Vireo 


59. Yellowthroated Vireo 


White-eyed Vireo 

Black and White Warbler 

Parula Warbler 

Yellow Warbler 

Blackthroated Blue War- 
bler 

Myrtle Warbler 

Yellowthroated Warbler 

Pine Warbler 

Prairie Warbler 

Hooded Warbler 

Kentucky Warbler 

Ovenbird 


2. La. Water Thrush. 


Maryland Yellowthroat 
Yellowbreasted Chat 
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American Redstart x87 Brown-headed Nuthatch 
Mockingbird 88 Brown Creeper 
Catbird x89 Ruby-crowned Kinglet 
Brown Thrasher x90 Blue-gray Gnatcatcher 
Carolina Wren 91 Hermit Thrush 
Winter Wren x92. Wood Thrush 
Bewick’s Wren x93 American Robin 
House Wren x94 Bluebird 
Tufted Tit 95 Orchard Oriole 
Carolina Chickadee Several unidentified ducks 
White breasted Nuthatch also seen 
Red breasted Nuthatch 
The largest number seen in any one day was on the 22nd when 
Mr. Sherman and myself took a whole day’s tramp for the express 
purpose of looking for birds and succeeded in observing 62 species, 
being those marked with an x in the list above. 
The observations on which this paper was founded were fur- 


nished mainly by myself but I am much indebted to Messrs, 
Stephen C. Bruner, Franklin Sherman, Jr., and Z. P. Metcalf for 


additional records, many of which were of great interest. 
>] d = 
































SOME NOTES ON THE SONG PERIODS OF BIRDS 


BY C. 8. BRIMLEY 


The observations on which this paper is based were begun in 
late June of last year, 1908, and have been carried on uninterrup- 
tedly ever since. This it will be noticed leaves a gap of six or 
seven weeks in May and part of June in which no data has as yet 
been collected at Raleigh. I have however some data from Lake 
Ellis in late May of 1908, and it may also be assumed with reason 
that any bird found in full song as late as the end of April and also 
in late June, continued in song during the intervening period. 

With these explanations I will now take up the different species, 
beginning with those that are permanent residents. 

Carolina Wren. ‘This bird justly heads the list by virtue of its 
industry, its song period being the whole year, and the amount of 
song it indulges in seeming to be about the same at all seasons. 


Mockingbird. Has two song periods, one from early March to 


early July, and from mid-September to mid-November. 
Robin. Early March to early July, and occasionally as late as 


early August. 


Cardinal. Early March to early July, also heard twice in 


November, and twice in January. 

Field Sparrow. Late February to late August. 

Pine Warbler. Commences singing during any warm spell in 
January and continues, interrupted by any cold spell, until March 
at which period it may be said to be in full song. It continues in 
song all March and April, has been heard also in late May at 
Lake Ellis and once in late June at Raleigh. There is also a 
second song period in September and one is occasionally heard in 
late fall and winter. 


1909) 
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Taking up next the summer birds, we find the following facts: 

Chipping Sparrow. Has about the same song period as its near 
relative the Field Sparrow, viz: from its arrival in March till late 
August, when it becomes silent though the species does not leave 
us till October or November. 

Yellow Throated Vireo. Continues in song from its arrival in 
early April till its departure in mid-September. 

White Eyed Vireo. Also sings during its whole stay from late 
March to mid-October. 

Red Hyed Vireo. Sings from its arrival in mid-April till mid- 
July only, although it does not leave us till mid-October. 

Of the summer residents among the warblers, all are in full song 
on their arrival here, which varies in the case of the different 
species from the last week in March to the last week in April. 

The song of different species ends about as follows: 

Yellow Warbler. Noted singing up to the last week in July, 
which is the time the species seems to leave us for the south, the 
few birds seen later in the season are apparently visitors from fur- 
ther north and are silent. 

Yellow Breasted Chat. Heard up till mid-July only, but occurs 
till mid-September. 

Maryland Yellow Throat. Heard up till mid-July only, but stays 
as late as late October. 

Hooded Warbler. Heard up till early July, but stays as late as 
late September. 

Parula Warbler. Heard as late as July 1, but stays as late as 
mid-October, being very abundant in the fall migrations. 

American Redstart. Heard till early July, occurs up to mid- 
October. 

Yellowthroated Warbler. Heard at Lake Ellis in late May, not 
heard at Raleigh after observations were started on June 12, 1908. 
Stays till the third week in September. 

Other summer birds on which notes were taken are: 

Summer Tanager. Heard up to June 21, also once each in July, 
August, and September at intervals of almost exactly a month (on 
the 13th, 13th, and 14th, respectively). Stays till late September. 

Catbird. Heard till late July and once in August. Stays nor- 
mally as late as the third week in October. 
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Wood Thrush. Heard till mid-July only, stays till mid-October. 

Blue Grosbeak Heard till early July, and also once in August. 
Stays till mid-September. 

Indigo Bunting. Heard till mid-July and once in August. Stays 
till mid-October. 

The remainder of my notes relate mainly to our winter visitors, 
a considerable proportion of which do not sing at all during their 
stay with us. I have data concerning the following: 

Rubycrowned Kinglet. Arrives in mid-October, and leaves in 
late April. Was heard singing on one very warm day in early 
November, and not again till late March or early April, from 
which time it continues in song until it leaves for the north, in 
late April. 

Hermit Thrush. Arrives in mid-October, stays till late April, so 
far only heard singing on the same very warm day in November 
alluded to above. 

Song Sparrow. Arrives in mid-October, and has been observed 
as late as April llth. Heard singing sporadically throughout its 
entire stay, except the first and last weeks. 

White-throated Sparrow. Arrives atthe same time as the pre- 
ceeding, but does not leave till a month later. Heard singing spo- 
radically all its stay, and coming into full song in early April. 

Fox Sparrow. Length of stay from about early November till 
late March, but heard singing only on two occasions in November, 
three in December, and three in January, but on some of these 
dates the birds were singing a great deal. 

Meadow Lark. Stays with us from early or mid-October till 
mid or late April, but was only heard singing from mid-February 
to early April. 

The above notes are, I am aware, quite crude and meagre but 
they seemed worth while presenting, as the subject has been very 
little touched upon. 

The times limiting the song periods or length of stay are in all 
cases inclusive. 








THE PROBABLE ELECTRICAL NATURE OF CHEMICAL 
ENERG Y* 


BY A. H. PATTERSON 


In a recent paper Dr. J. E. Mills has expressed some interest- 
ing views on the nature and source of Chemical Energy’. His 
argument may be summarized as follows: When 16 grams of 
oxygen are mixed with 2.016 grams of hydrogen at 0° C, nothing 
happens, but if a minute spark (supplying a negligible amount of 
heat) be applied, combination takes places, 18.016 grams of water 
are formed, and 68,511 calories of heat are given out. Whence 
comes this relatively enormous amount of heat energy? Suppose 
we take 16 grams of oxygen and 2.016 grams of hydrogen at —273° 
C, and add enough heat energy to bring them to 0° C. Dr. Mills 
shows that the following amount will be needed: For the hydrogen: 
Raising the temperature from —273° C, 1844.8 calories, supply- 
ing heat of fusion and of vaporization, 280.4 calories; total 2125.2 
calories. For the oxygen: Raising the temperature through the 
same range, 1065.4 calories, supplying heat of fusion and of vapo- 
rization, 906.7 calories; total, 1972.2 calories. So that 4097.5 
calories would be added to the hydrogen and oxygen in bringing 
them up from —273° to 0° C. Now the energy necessary to 
raise 18.016 grams of water through the same range of tempera- 
ture would be 2886.9 calories, divided as follows: For raising the 
temperature, 1447.4 calories; for supplying heat of fusion, 1439.5 
valories. The water at 0° C of course still retains this energy, 
but since 4097.4 calories were given to the hydrogen and oxygen, 





* A paper read at the Fifteenth General Meeting of the American Electro- 
chemical Society, at Niagara Falls, Canada, May 8, 1909. 


1 Transactions Am. Electrochem. Soc., 14, 35 (1908) 
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and only 2886.9 calories are retained by the water, a balance of 
1210.5 calories remains to be given out during combination. But 
the amount given out in combination is 68,511 calories, leaving 67,300 
calories unaccounted for. Whence comes this energy? In what form 
did it previously exist? It was clearly possessed by the hydrogen 
and oxygen in their solid form at —273° C. Dr. Mills conceives 
that every atom of a substance possesses at —273° C a specific 
chemical energy (though he does not use this term), partly in the 
potential form, due to ‘‘chemical attraction’’ between it and one 
or more other atoms, and partly in the kinetic form, which latter 
condition must be fulfilled if the system of which the atom is a 
part is to be a stable one’. This chemical attraction, or force, or 
affinity “is probably never directly affected by a rise in tempera- 
ture,’’> and the 67,300 calories of energy above mentioned 
‘‘appears to have been held, intact as it were, neither increased 
nor diminished, by the changes of temperature, pressure and _ vol- 
ume necessary to raise the hydrogen and oxygen to their condition 
at 0° C,’’ and “‘represents the total energy change of the three 
reactions: 
H,=H+H 
%0, = %(0+ O) 
H+ H+0O=H,0 


when taking place at —273° C.”’ 

The reactions liberated this store of energy, but how they did 
so, and in what form the energy previously existed, Dr. Mills does 
not attempt to explain. Itis possible that some light may be 
thrown upon this question by a recourse to the electron theory. 


THE ELECTRICAL THEORY OF CHEMICAL COMBINATION 


It may be well to give first a brief account of some of the fun- 
damental ideas of this theory, as well as of some of its recent 
developments. It is now a familiar story how the idea of electrons 
arose. Helmholtz, in his Faraday lecture’, spoke of electricity 


* Meyer, Kinetic Theory of Gases, 2nd English Ed., p. 344. 


3 See also Nernst, Theoretical Chemistry, 4th Eng. Ed., p. 688. 
4 Journal Chemical Soc., 1881, p. 39. 








64 JOURNAL OF THE MITCHELL SOCIETY [ June 


being “‘divided into definite elementary portions which behave like 
atoms of electricity’ in the conduction of a current through a 
liquid electrolyte. Maxwell had already proposed that ‘‘we call 
this constant molecular charge’’ (in electrolysis) ‘‘for convenience 
of description, one atom of electricity.’"* Lorentz in 1880, in 
order to explain the phenomena of light, formulated a theory® 
which regarded an atom of matter as a complex structure consist- 
ing of these ‘‘atoms of electricity,’’ for which the name “‘electrons’”’ 
had been suggested by Stoney, who as early as 1874 had sueceeded 
in calculating the value of the electric charge on one electron. 
Various theories of the exact structure of an atom out of electrons 
have been put forth’, but the most widely accepted view at present 
is that of Sir J. J. Thomson, who regards an atom as being built 
up of a sphere of positive electricity of uniform density, through- 
out which the negative electrons (Thomson prefers to call them 
‘‘corpuscles’’) are distributed in various orbits, revolving about 
the center of the sphere. The number of electrons in an atom is 
proportional to the atomic weight.“ The enclosing positive charge 
acts as though it were concentrated at its center, and is supposed 
to attract each electron with a force which varies as the direct dis- 
tance of the electron from the center of the sphere. The “‘sphere 
of positive electrification’’ occupies a vastly greater space than the 
total volume of all the electrons. These latter, being similarly 
charged, repel each other according to the inverse square of the 
distance law. 

The electrons are in extremely rapid orbital motion about the 
center of the atom, the average number of revolutions being about 
500 million million per second, and these give rise to light waves. 
In a neutral atom, the sum of the negative charges on the electrons 
is exactly equal to the positive charge of the enclosing sphere. In 
this case the stability of the electron grouping inside the atom 
depends upon the number of electrons, the way they are arranged 
in the orbits, and the strength of the enclosing positive charge. 


5 Electricity & Mag., Ist Ed., 1873, p. 312. 

6 Propagation of Light, Wied. Ann., 1880, p. 9. 

7 Lodge, Electrons, pp. 148-150. 

8 Thomson, Corpuscular Theory of Matter, p. 164. 
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Some atoms easily lose electrons, on account of the instability 
of their electron groupings. Other atoms have a tendency to 
acquire electrons from outside, if such increase in number lends 
greater stability to their electron groupings. The complete solu- 
tion of the problem of the stability or instability of given electron 
groupings seems to be beyond the power of mathematics at present, 
as the electron orbits lie at all angles, but the analytical solution 
of the case where the orbits of the electrons are supposed to be con- 
fined to one plane has been given by Prof. Thomson,’ and shows 
that very few groupings of electrons, comparatively speaking, are 
at all stable. When an atom loses electrons, it thereby loses 
negative electricity, and a residual positive charge remains. Such 
an atom would in general belong to an electropositive element. If 
an atom acquires electrons, its negative charge preponderates over 
its positive, and the atom acts like an electronegative element. 
Valency depends on the number of electrons lost or gained. We 
must not suppose, however, that all the atoms of, let us say, a diva- 
lent electropositive element are at any given time in the same con- 
dition of having lost two electrons each. . In the hurly-burly of 
atomic and molecular motions and encounters atoms will alter- 
nately lose and gain electrons very rapidly, perhaps millions of 
times per second, but if in the case of the supposed element the 
atoms have a tendency to get into the condition represented by the loss 
of two electrons per atom rather than into any other condition, the ele- 
ment will have a positive valency of two, and will react with one 
or more other substances of negative valency as rapidly as the 
atoms get into the proper condition, owing to the loss or gain of 


electrons, to go into combination. This requires more or less time, - 


of course, thus agreeing with the facts of chemistry, as no reaction 
is instantaneous, but proceeds according to an exponential law. 
Combination ensues when two or more atoms, carrying unlike charges, 
and coming near enough for the purpose, are pulled more closely 
toyether by the electrostatic lines of force between their charges, and 
held together tightly in a molecule. As Ramsay says: ‘‘Chemical 
action is the occasional result of . . ~~ collisions, an 
but the process of combination is a comparatively slow one, and 


9 Phil. Mag., March, 1904. 
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a collision followed by a combination is a comparatively 
rare event.’’” 

With the assumption that chemical affinity is simply electro- 
static attraction between charges of electricity, Sir J. J. Thomson 
has worked out with great ingenuity a series of model atoms, com- 
posed of spheres of uniform positive electrification, with varying 
numbers of electrons revolving in varying numbers of orbits inside 
these spheres, and has shown that such a series of atoms would 
show the same properties, periodically recurring, as are actually 
observed in the elements arranged according to the periodic law.” 
The theory explains more or less satisfactorily the recurring elec- 
tropositive and electronegative character of the elements, and why 
the same element acts sometimes electropositively, and at other 
times electronegatively; the recurrence of corresponding groups of 
lines in the spectra of elements of the same periodic-law group; 
the valency of the elements, including the zero valency of the argon 
group, and also the different valency of the same element under 
different circumstances; the formation of molecules by the union 
of atomis of the same element; the existence of unsaturated com- 
pounds, such as PCl,; the formation, in solution of certain ele- 
ments (for example, Br and I) of both positive and negative ions, 
the element appearing at both anode and cathode during electroly- 
sis; the apparent change in the properties of the carbon atom 
when combined with different elements; the thermoelectric effects, 
and in fact, nearly all of the phenomena of physics and chemistry. 
Especially in the explanation of the phenomena of optics and 
radioactivity has the new theory been of great advantage, and 
without it the facts of radioactivity, at least, would seem to be 
entirely inexplicable. Arrhenius has also extended the theory to 
explain astronomical and meteorological phenomena, such as 
auroras, the solar corona, magnetic storms, ete. But while the 
electron theory provides us with the broadest working hypothesis 
of modern times for the correlation and unification of physical, 
chemical, and biological phenomena, it cannot be claimed that it 


10 The Electron as an Element, Journal Chem. Soc., Apr., 1908, p. 777. 
ll Electricity and Matter, p. 117 et seg.; Corpuscular Theory of Matter 
Chapter VI. , 
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is in any sense final. One of its founders, indeed, has quite recent- 
ly pointed out the need for revision or modification of some of its 
fundamental ideas.” Nevertheless, it has already proved to be 
one of the strongest aids to research which physical science has 
known. 


THE SOURCE OF CHEMICAL ENERGY 


Can we obtain, on the electrical theory, any information con- 
cerning the source and nature of the energy liberated in chemical 
reactions? Take the reaction 


H+0+H=H,0 


forexample. Before union: we have two hydrogen atoms, each 
carrying one positive electron charge, and one oxygen atom carry- 
ing two negative electron charges. What amount of energy do 
these charged atoms represent? 

The potential of a sphere bearing a charge is equal to Q/ r where 
Q is the charge on the sphere (in electrostatic units) and r is the 
radius of the sphere (in centimeters). The resultant potential is 
given in electrostatic units, an electrostatic unit being equal to 300 
volts. 

The electron charge has been independently determined by dif- 
ferent observers. H. A. Wilson found it tobe 3.1 X 10” elec- 
trostatic units;* J. J. Thomson found by another method” the 
value 3.4 X 10°. Using the mean value of N (number of mole- 
cules in 1 c.c. of a gas under normal conditions of pressure and 
temperature) given by Meyer, * viz., 6.1 X 10°; we find the cor- 
responding value of the electron charge to be 3.7 X 10°°. 

The value obtained by J. Perrin’ is 4.1 X 10°, and by Ruther- 
ford and Geiger’ is 4.65 X 10°° electrostatic units. Max Planck 
calculated the value, from theoretical considerations, to be 





12 See article by H. A. Lorentz, Phys. Zeitschr., Sept. 1, 1908. 
13 Phil. Mag., [VI], 5, 429 (1903). 

14 Cond. of Elec. Thro. Gases, 2nd Ed., p. 158. 

15 Kin. Th. of Gases, 2nd Ed., p. 333. 

16 Comptes Rendus, 147, 594-596 (1908). 

17 Proceedings of the Royal Society, 81, A, 162-73. 
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4.69 X 10°, and Millikan and Begeman found the value 
£6 X i. 

These last values, being the latest determinations, are probably 
more correct than former ones. In the following calculation 
Rutherford’s value will be used. 

As to the radius of a molecule, estimates vary widely. Meyer 
gives values ranging from 2 X 10° cm. to about 16 X 10° cm.,* 
but leans toward the lower figure.” The radius of an atom is 
shrouded in equal doubt, but we may assume 10° cm. as approxi- 
mately correct. Using these values we find that the potential, 


V, of an atom carrying an electron charge is 4.65 X 10° E. 8. 


units, or about 14 volts. The energy of a charged body is “QV 
ergs, or, applying our values, the energy of a charged hydrogen 
atom is 4% X 4.65 X 10° X 4.65 X 107 = 10.8 X 10° ergs. 
The energy of the charged divalent oxygen atom is twice this 
amount. The energy of the charged atoms entering into combi- 
nation to form one molecule of water is therefore about 
4.3 X 10°” ergs. Next comes the question of the number 
of molecules in 1 ec.c. of water. This is as uncertain as the 
values of the electron charge, but it is probably about 3.4 * 10”. 
On this estimate the number of molecules in 18 grams of water is 
6.2 X 10%, and the energy of the charged atoms of hydrogen and 
oxygen would be, before combination, 6.2 X 10° X 4.3 X 10°= 
2.7 X 10° ergs: = 2.7 X 10° joules, = 6.4 X 10° calories, or 
640,000 calories. When the charged atoms rush together into com- 
bination, this energy, which existed as potential energy of charge, 
is partly given out, and tt is at least suggestive to note that this amount 
of energy is quite sufficient to account for the 67,300 calories given out 
in the formation of 18.016 grams of water, and is, moreover, of about 
the magnitude we should expect, as we do not imagine the atoms to 
come close enough in combination to release all their energy. 

Too much importance, however, must not be given to the num- 
ber found, 600,000 calories, for the energy of charge of the hydro- 
gen and oxygen atoms may be much greater or much smaller than 


18 Loc. cit., pp. 320, 331. 
19 Perrin gives 2.6 x 10°° cm. as the diameter of a molecule of oxygen. 
Loe. cit. 
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this. I wish merely to make the point that whatever the potential 
electrical energy of the hydrogen and oxygen atoms may be _ before 
combination, it is less afterwards by the amount given out, viz., 
67,300 calories. If the charges on the hydrogen and oxygen 
atoms ‘‘sparked into’’ each other, all of the electrical energy would 
he given out, but this does not occur.” The hydrogen and oxygen 
atoms (in a molecule of water) may be considered then as coming quite 
near each other when in combination, near enough to render the mole- 
cule electrically neutral, but not near enough to equalize the charges, 
and not near enough to prevent stray lines of force from producing a 
‘residual attraction’’ between the molecules. 


THE RESIDUAL ATTRACTION 


Dr. Mills in his paper says: “‘It is possible . . . that the 
molecular attraction is merely the residual chemical attraction.’’™ 
The electrical theory would simply substitute the word “‘electrical’’ 
for the word “‘chemical’’ above. For various reasons Dr. Mills 
thinks that the “* 
particle are definite in amount. If this attraction is exerted upon 
another particle the amount of the attraction remaining to be 
exerted upon other particles is diminished.’’ If chemical attrac- 
tion is electrostatic attraction, we have these conditions exactly 


attractive forces . . . which proceed froma 


fulfilled, and also have an explanation why this force, and the 
energy due to it, is independent of temperature changes, for the 
number of “‘lines of force’? proceeding from a given charge isa 
perfectly definite quantity, unaffected by temperature. The 
explanation of the “‘residual attraction’’ which the electrical theory 
offers is given by Prof. Thomson as follows:” The attraction 
between charged bodies is greater when these bodies are conductors, 
in which electrons are able to move about freely, than between 
non-conductors bearing the same charges, for the conductors allow 
the corpuscles to move into the most advantageous positions, as it 
were, and electrostatic induction comes into play. The residual 





20 Lodge, Electrons. p. 154. 
21 Loc. cit. 
22 Corpuscular Theory of Matter, p. 135 et seq. 
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attraciion between saturated atoms and molecules will therefore be 
a function of the mobility of the electrons inside the atoms. 
*“*This mobility may not be the same for the atoms of the different 







elements, and may be different for the same atom according as it 






is exerting positive or negative valency; in other words, the attrac- 
tion of an atom may not be wholly exhausted when its valency is 
satisfied, and the residual attraction may depend not only upon the 
nature of the atom, but also upon whether it is exerting its posi- 
negative valencies.’’ The interesting question arises 







tive or 
whether this residual attraction is greater or less when an atom 
carries a positive charge than when the charge is negative. It 
must be remembered that the theory supposes that the extra elec- 
tron in a negative monovalent atom is united to a positive atom 
by lines of force, and that these lines spring from the relatively 
large surface of the positive atom and converge to the minute elee- 
tron on the other atom, somewhat as the network of ropes from a 
The intensity of the elec- 








balloon converge to the basket beneath. 
tric field, therefore, at the surfaces of the two atoms is not the 
the residual attraction 







same, and we may expect a difference in 
which an atom exerts when negatively and when positively charged. 
‘In the compound CH,,’’ says Professor Thomson,” ‘‘the carbon 
t, and in CO (if the oxygen is 







is supposed to carry a charge of — 
tetravalent) a charge of + 4; the value of a* for CH, is 0.0379, 
and that for CO is Iess, viz., 0.0284, although the residual attrac- 







This, 





tion of oxygen is probably greater than that of hydrogen. 
as far as it goes, is in favor of the view that the residual attraction 






of carbon is greater when it is negatively than when it is positive- 
ly charged.’’ The residual attraction also appears to exist between 
molecules, and acts to form aggregates of molecules, especially 








around negative ions, which seem to exert much more effect than 
‘ . . . 
“Tt has been found that in carefully dried gases the 





positive ions. 
velocity of the negative ion is considerably greater than that of the 
positive when the electrical forces acting on them are equal. If, 













24 The cohesion factor in Van der Waals’ formula. 
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however, a little water vapor is added to the gas, it produces a 
considerable diminution of the velocity of the negative ion, while 
it hardly affects that of the positive. It seems quite possible that 
this is due to the residual attraction of the OH radical in the 
water for a negative charge, making the water molecules attract 
the negative ions more strongly than they do the positive ones, so 
that the water molecules will tend to attach themselves to the nega- 
tive ions, and by loading them up diminish their velocity.’’* 
Thomson showed years ago that negative electrification had a 
decidedly greater effect in promoting condensation than positive,” 
and C. T. R. Wilson found that negative ions require less cooling 
by expansion to make them act as condensation nuclei in dust-free 
air than positive ions.” It is quite probable that these phenome- 
na are explained in the same way. The electrical theory would 
indicate that there must always be some residual attraction, even 
in the inactive monatomic gases. 

The liquefaction of helium shows this, though for helium the 
value of a is the smallest known. 


THEORY OF ELECTRICAL CONDUCTION 


So far it is significant and interesting to note that the reasoning 
of the chemist and the physicist, though from different points of 
view, and expressed in different language, leads to practically the 
same conclusions. In the case of electrical conduction the differ- 
ence is rather pronounced between Dr. Mills’ ideas and those of 
the electrical theory. . Briefly stated, the electrical theory supposes 
that in metals electrons are easily detached from the atoms, and 
under the action of an electric force, as when a wire connects the 
terminals of a voltaic cell, the electrons rapidly pass from atom to 
atom through the wire in the direction of the positive terminal. 
This stream of electrons is equivalent to a positive current flowing in 
the opposite direction, viz., along the wire from the positive to the 


negative terminal. The kinetic energy of these moving electrons 


smashing, as it were, into the atoms, causes increased atomic 
25 J. J. Thomson, Loc. cit. 

5 Phil. Mag., 36, 813 (1893). 
27 Phil. Transactions, 193, 289 (1899). 
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motion, and the wire becomes heated. In the case of metals a 
rise in temperature retards the motion of the electrons in some 
way, and the conductivity decreases. In carbon, however, a rise 
in temperature seems to give the electrons greater freedom of 
motion, and so the “‘hot resistance’’ of a carbon filament is less 
than the ‘‘cold resistance.’’ In the case of non-conductors, like 
the rare earths, the electrons are only set free by strong heating. 
In the Nernst glower, for example, conductivity begins only when 
the temperature is about 1,200° C. The salts of the metals are 
poor conductors, because the atoms of the metal have already lost 
electrons, in going into chemical combination, and it is difficult to 
loosen others and pull them away from the positively charged 
atoms. In solution, however, the ions of salts are free to move, 
and we have a double stream of positive and negative ions moving 
in opposite directions under the electric stress. In gases also there 
can be no conduction without ionization. In the vacuum tube 
discharge we have a peculiar case, for we get a stream of free elec- 
trons, unassociated with atoms, going in one direction, and a stream 
of positively charged atoms moving in the other. If this latter 
stream is prevented from reaching the cathode the discharge is 
stopped.” 

Dr. Mills’ theory of conduction is somewhat ambiguous. He 
says: “‘I havein my own mind connected the power to conduct 
electricity, whether the substance is in the solid, liquid, or gaseous 
condition, not primarily with molecules, nor with ions, nor even 
perhaps with electrons. The essential requisite appears to me to 
be a free, that is, an unabsorbed attraction.’’ It is difficult, on 
this hypothesis, to see why mercury, for example, should not be a 
better conductor than silver, as its atoms seem to be less firmly 
bound together; nor why the resistance of selenium should change 
so marvelously with the degree of illumination to which it is sub- 
jected; nor why increase of temperature, which drives atoms fur- 
ther apart, should not always increase conductivity; nor how the 
vacuum tube discharges and the action of electric valves may be 
explained; nor how the change of resistance of bismuth in a mag- 
netic field may be accounted for. 


% Lodge, Electrons, p. 39, 
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However, the object of this paper is merely to emphasize the 
fact that physicists and chemists, reasoning from different view- 
points, often reach practically the same general conclusions, which 
is evidence for the truth of these conclusions, and further that the 
electrical theory, in spite of certain artificial features, seems to 
offer the best and clearest idea of the source of chemical energy, 
the mechanism of chemical combination, ionization, dissociation, 
ete., and the most rational explanation of the various phenomena 
of physical science. 
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NEW OCCURRENCE OF MONAZITE IN NORTH 
CAROLINA 


BY JOSEPH HYDE PRATT 


In 1897 there was forwarded to the office of the North Carolina 
Geological Survey a package containing a sample of mineral for 
identification. No letter accompanied this package and the only 
clue to the locality from which the mineral came was the post- 
mark, which was Mars Hill. The mineral was turned over to the 
writer for examination and was found to be monazite. There 
were a number of fairly well developed crystals of unusual size; 
but the majority of the pieces did not show any crystal faces 
but were pseudo-crystalline, duc to parting parallel to ¢ and 
m. An attempt was made to locate the sender of the specimens 
without success and although many inquiries have been made in 
the vicinity of Mars Hill and the place has been visited a num- 
ber of times, no clue to the occurrence of this monazite was 
obtained until in the fall of 1908 another specimen of monazite was 
seen by the writer while travelling in Madison County. A sys- 
tematic search was then begun for the mineral with the result that 
the occurrence was definitely located. 

References have been made to the occurrence of monazite at 
Mars Hill, Madison County by F. A. Genth* who states that mon- 
azite occurs in “‘large cleavable masses sometimes from 3 to 4 
inches across and of a yellowish brown color from Mars Hill, Mad- 
ison County.’’ He does not, however, give any further statement 
regarding locality. In Dana’s Mineralogy? it is stated that mon- 
azite occurs ‘‘in considerable quantities in Madison County, North 
Carolina, yielding angular fragments due to parting.’’ Judging 








*Bull. 74, U. S. Geological Survey, 1891, p. 77. 
76th. ed., 1892, p. 752. 
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from these brief notices of monazite in Madison County, it is very 
probable that the specimens found at that time were picked 
up on top of ground by some of the farmers in the vicinity 
of Mars Hill and no record was kept of where they were actually 
obtained. 

Judging from the occurrence of this mineral in the South Moun- 
tain region of North Carolina where it was known to occur in the 
gneissic rocks and especially in those portions that have been peg- 
matized, instructions were given to the men trying to locate 
the monazite to look for it in the gneissic or granitic rocks that 
were more or less pegmatized. The occurrence of the monazite 
was finally located on a hill to the west of Whiteoak Creek, a 
branch of Ivy River approximately 3 miles southwest of Mars 
Hill and 6 miles nearly due east of Marshall. It is on a tract of 
land owned by Mr. N. P. M. Corn. 

The country rocks of this section are Carolina gneiss and Cran- 
berry granite named and described by Mr. Arthur Keith.* 
The Carolina gneiss is of Archean age and consists chiefly of mica 
gneiss and mica schist but includes other gneisses, granites and 
diorites with small lenses of marble. The origin of this Carolina 
gneiss is uncertain, but it is possible that most of the mass was 
once a granite and that it has been metamorphosed into its pres- 
ent condition. In this particular vicinity this Carolina gneiss 
occurs as outliers from the main formation and is not inter-band- 
ed with the Cranberry granite. Immediately to the east there is 
a large mass of Roan gneiss and this is also observed further to 
the west. The Cranberry granite as it occurs in this vicinity is 
also in the form of outliers or apophyses from the main mass 
lying to the north and west. As described by Mr. Keith, this 
granite is an igneous rock composed of quartz and orthoclase 
and plagioclase feldspar with biotite, muscovite, and, in places, 
hornblende as additional minerals. There area number of acces- 
sory minerals as magnetite, ilmenite, garnet and epidote, found in 
this granite. This granite occasionally contains pegmatite areas 
and, on the Whiteoak Creek, a great deal of the gneiss and gran- 
ite was peginatized. 











*U. 8. Geological Survey, Asheville Folio, No. 116, 1904, pp. 2 and 3. 
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There are no extensive areas of rocks outcropping on this _hill- 
side. Occasionally small boulders of the partially decomposed 
granite were observed containing more or less epidote and ilmen- 
ite forming a sort of a ledge running around the hill about a third 
of the way to its top. About 100 feet up the hillside a shaft has 
been sunk to a depth of 45 feet. The rocks were decomposed 
throughout this distance so that no blasting whatever was neces- 
sary. On account of the excessive decomposition of the rocks, it 
was difficult to determine what the rocks at this particular point 
were. They had the appearance, however, of being decomposed 
Cranberry granite. The section exposed by the shaft showed the 
rocks to be more or less pegmatized and to carry monazite the 
whole depth of the shaft. The mineral seemed to occur in the 
pegmatized band of the rock which, in the shaft as exposed, had 
a width of 24 to 4 feet and does not occur in any sense as a vein 
formation. 

The monazite, which was of a clove brown color, was found in 
fragments or rough crystals varying from pieces the size of a pea 
up to a large rough crystal that weighed almost exactly 60 pounds. 
No attempt was made at this time to determine the percentage of 
monazite that the rock would carry. One or two pans full of the 
monazite-bearing portion of the rock were dug out, which gave 
nearly a pound of, monazite. The property is now being devel- 
oped and later a more detailed account will be given of the per- 
centage of monazite in the rock and its commercial value. 

As stated above, the monazite is in the form of irregular frag- 
ments, rough crystals and cleavable masses. One of the best crys- 
tals observed was a part of a mass that weighed 64 pounds, 
which was made up of crystals in parallel position with some of 
the faces very perfectly developed. Another crystal, which was 
well terminated, weighed 12 ounces. It measured 2? inches in 
the directiom of the } axis and 14 inches in the direction of the 
a axis and was 24 inches long. The prismatic faces of the a pina- 
coid were well developed as was also the unit pyramid w: The 
lower end of the crystal showed no terminations. The faces 
observed on these crystals were identified by means of the contact 
goniometer and were as follows: a (100); m (011); w (101) 
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6 
» (111). 

The basal plane ¢ was not observed on any of the crystals but 
was observed as one of the parting or cleavage planes. Parting 
planes were also very prominently developed parallel to m. 

The masses of the minerai were very pure and one analysis to 
determine the percentage of monazite in the mass showed it to 
contain 99.5 per cent monazite. No chemical analyses have been 
made of the mineral beyond the determination of thoria. This 
determination, which was made in the laboratory of the Welsbach 
Light Company, showed this monazite to contain 5.06 per cent 
thoria, which is equal to the percentage of thoria in the best com- 
mercial monazite found in the South Mountain region. 

The size of the crystals of monazite found in this deposit and 
the possibility yf its developing into an occurrence of commercial 
value make the discovery a most interesting one and its further 
development will be watched with a great deal of interest not only 
by those interested in this mineral from a commercial standpoint 
but also by the mineralogist who will be interested in obtaining 
large crystals of this mineral. 


N. C. GEOLOGICAL AND Economic SuRVEY. 











THE SENSES OF INSECTS 


BY FRANKLIN SHERMAN, JR., DEPT. AGR., RALEIGH, N. ©. 


The Five Senses. In the higher animals we are familiar with 
the five senses, or means by which the animals learn concerning 
the things around. These are (1) Touch, (2) Taste, (3) Sight, 
(4) Hearing and (5) Smell. If we can imagine a person, or 
animal, bereft of a/l of these, such an individual would be worse 
than he!lpless—it would scarcely be more than merely organic. We 
well know that many of the lower forms of life have one or more 
of these senses imperfect or entirely lacking. 

Within the great group of Insects, which stand high in the series 
of invertebrated animals, we find all of these five senses present 
in some degree,— some insects having more of them, or having 
some more highly developed, than other insects. 

1. The Sense of Touch in insects is not confined to any one 
part of the body; and in this they are like other animals, But, 
just as the hands and fingers are the principal organs of touch in 
man, just so the avtennae (the‘‘horns’’ or ‘‘feelers’’ which are so 
evident on the head of many insects) are the principal organs of 
touch in most insects. Almost any insect when crawling about 
will keep the antennae in constant motion, feeling about from side 
to side as if to ascertain the nature of the objects around it. Many 
insects, however, have the antennae so small that they are not 
noticeable to our eyes, —but that they are very important 
organs to the insect class as a whole is shown by the fact that all 
insects have them in one or another of their stages of development. 
Many insects have around the mouth-parts delicate organs known 
as palpi which are very sensitive to touch, and which are used 
more especially to feel of particles of food, etc. 
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Insects have a quite well-developed nervous system, with fine 
ramifications of sensitive nerves extending to all parts of the body. 
Consequently the surface of the body at any point may act as : 
center of touch, just as with us. But many insects have a firm 
covering or armor of chitin (a substance resembling horn) through 
which the nerves do not extend. This is especially the case with 
the hard-shelled Beetles, some of which are so firm as to be 
crushed with the fingers only with much effort. With such insects 
the sense of touch must be confined largely to the antennae, deli- 
cate parts of the legs, and the thin membrane between the seg- 
ments of the body, etc. On the other hand caterpillars, grubs, 
maggots and immature insects generally, have rather soft bodies 
and the entire body-surface may be quite sensitive to touch. All 
who have experimented with the common horn-worms on tobacco 
are familiar with this fact. With regard to the Senses of Touch, 
then, we may conclude that while it is not confined to any part 
or parts, yet it is more developed in the extremities, and especial- 
ly in those all-important organs, the antennae. 

2. The Sense of Taste is not, so far as we know, very highly 
developed in insects, or at least positive organs of taste are not 
often discernible. There is in some insects (grasshoppers and 
their relatives) a tongue-like organ in the mouth by means of 
which they probably taste their food, but on the whole this sense 
is not believed to be highly developed. 

There is a fact in this connection, however, which may easily 
(and perhaps rightly) be interpreted to indicate that the sense of 
taste is well developed. An adult insect will almost invariably 
deposit her eggs on the same kind of plant on which it was itself 
reared and which its young requires though there may be hun- 
dreds of other plants about. This may be due to an acute sense 
of taste on the part of the adult, or it may be only acuteness of 
some other sense, such as smell. The adult of the common Tent- 
caterpillar in our orchards seldom makes a mistake in depositing 
eggs on plants which will nourish the larva (more especially apple 
and choke-cherry) yet the adult insect has only very imperfectly 
developed mouth-parts and is thought not to take any food in the 
adult state,—and here the adeptness at selecting proper plants 
would not seem to be due to a sense of taste on the part of the adult. 
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A butterfly will invariably lay eggs on the proper food-plant of the 
larva which eats the leaf, but the adult butterfly can only lap up 
in such a case the sense of taste can hard- 





liquid, such as nectar, 
ly be responsible for the accurate choice by the adult egg-laying 
female. 

3. The Sense of Sight is evidently one of the most important 
of the senses to insects, serving especially in the matter of self- 
preservation from enemies. Some subterranean or cave-inhabit- 
ing insects are wholly blind, or are only slightly responsive to light 
and darkness,—but with many other insects the sense is extreme- 
ly acute. Whoever has attempted to collect the species of dragon- 
flies (‘‘snake-doctors’’ or ‘‘devils darning-needles’’ or ‘‘*mosquito- 
hawks’’ as they are sometimes called) does not need to be told 
that their sense of sight is remarkably keen, and that they can use 
it to great effect either in eluding their enemies or in capturing 
their prey. The organs of sight in insects are the eyes, and these 
are always located on the head. There is an idea, quite preva- 
lent in many places, that the horse-fly has eyes beneath the base 
of its wings. The little organs found at this place in all true flies 
are known as the halteres‘and have nothing to do with the sense 
of sight. They seem to serve a more or less double purpose as 
balancers and as rudders in maintaining and guiding the insect 
while in flight. Some butterflies and moths have conspicuous 
marks on the wings which are often called eye-spots, but they 
have no connection with the sense of sight. Let us repeat, then, 
that all of the organs of sight, so far as we know them, are locat- 
ed on the head, and are the organs known as eyes. The eyes, 
however, are of two kinds, (1) There are the large ‘‘compound 
eyes,’’ consisting of a great number of individual eyes massed 
together like the cells of a honey-comb,—each one performing its 
own separate individual part in making the completed picture 
which the insect sees. (2) There are in some insects single, sep- 
arate eyes, known as “‘ocelli.’’ These are usually two or three 
in number and are well separated from one another. They are 
so small as to pass unnoticed except by students, and their pres- 
ence or absence, number and arrangement, form excellent char- 
acters for classification. What difference there may be in 
function between these two kinds of eyes, is yet a matter of con- 
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jecture. Some believe that the compound eyes are adapted for 
long-range vision and the simple eyes for more detailed study by 
the insect at close range. It has also been suggested that per- 
haps one set of eyes is adapted to viewing of objects in motion, 
and the other for scrutinizing objects at a standstill. But as the 
simple eyes (or ocelli) are not present in many whole groups of 
insects which live an active life in the open air, it seems certain 
that they are not nearly so important as the compound eyes, and 
may indeed, be only remaining fragments that were not consoli- 
dated into the compound eyes, when nature slowly moulded them 
during the ages gone. 

It is also a curious fact, worthy of mention in this cennection, 
that.investigation indicates that insects “‘see things’’ in inverted 
order from ourselves, that the refractive lenses in the eyes throw 
an inverted image on the cornea. Photographs have been taken 
through the compound eyes of insects, and when developed, show 
an inverted image. If this inference is correct, the insect 
sees us standing, as it were, on our heads, — but as all other 
objects would be likewise inverted, we would appear just as nat- 
ural to them in that position, as they look to us in our method of 
seeing. 

4. The Sense of Hearing is in some insects located in distinct 
organs while with others we do not know that the sense even 
exists at all. But in those insects which ‘“‘sing’’ or give forth 
voluntary sounds, it seems certain that the sense of hearing must 
be developed, for we can conceive of no purpose which such sounds 
could serve unless they are audible to others of the same kind, so 
that they would serve to indicate danger, or the presence of mates, 
etc. There is considerable variation in location of the sense of 
hearing. In the common mosquitoes of the genus culexr, we have 
strong evidence that the antennae serve as organs of hearing. 
The female when flying makes a shrill noise which is much loud- 
er than the sound made by the male. We might therefore infer 
that the sound produced by the female is audible to the male, and 
that, as the males make little or no noise these insignificant sounds 
would not be audible to the female. This seems to be the case, 
for the antennae of the male mosquito is very much more com- 
plex and delicate than those of the female,—and it has been found 
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that when shrill sounds of the same pitch as those made by the 
female mosquito are sounded close by a male mosquito, the anten- 
nae vibrate in unison with the sound, indicating that through 
them the sound is conveyed. 

On the other hand certain moths, in which neither sex pro- 
duces sound, have the antennae more developed in the males than 
in the females, but here the explanation lies in the sense of smell, 
and not in the sense of hearing. 

With the crickets, katydids and those grass-hoppers in which 
the antennae are longer than the body, the organs of hearing, 
which we may liken unto ears, are located on the tibiae of the 
front legs near where they join thefemur. (A more simple way 
of expressing it is to say that the ear is on the fore-arm near the 
elbow of the front leg). Each ‘‘ear’’ is, in appearance, merely 
an opening into the leg covered with a thin membrane, similar 
to the head of a drum, and this indeed does correspond to the 
*““drum’’ of our own ears. This opening may be round, oval, or 
appear merely as a slit. In those grass-hoppers in which the 
antennae are shorter than the body, the ‘‘ears’’ are situated on 
the sides of the abdomen close up to the thorax, behind the hinder- 
most (third) pair of legs,—and each appears as quite a larger 
opening into the body, the opening being covered by a membrane 
or ‘‘drum.’’ 

We must conclude, therefore, that with insects the sense of 
hearing is quite variable in its development, and in the location 
of its organs. With some there seems to be no sense of hearing, 
while with those which do hear, the auditory organ may be in 
various positions, or the power to hear may be (apparently) 
developed in only one sex. 

Sounds Produced by Insects. Closely associated with the sense of 
hearing is the power and inclination to produce voluntary sounds. 
Those animals which produce voluntary sounds almost always 
(perhaps invariably so) possess the power of hearing. The meth- 
ods by which insects produce sounds are various. With katydids 
and crickets the males chirp, while the females do not make 
sounds,— -and the chirping is produced by chafing the front wings 
together. The female mosquito makes a shrili note by the rapid 
vibration of the wings in flight, while the males are silent. Cer- 














1909| THE SENSES OF INSECTS 83 
tain species of grass-hoppers make a crackling sound by striking 
the hind legs and wings together while in the air. The Cicadas 
(known by the common names of “‘Locusts,’’ ‘‘Dry-flies,’’ etc.) 
sing by means of rapid vibration of a special organ in the abdo- 
men which is covered by a movable flap, plainly visible, but 
which exists only in the males, the females being noiseless. It is 
worthy of remark that al] insect songs or sounds are instrumental 
or mechanical, and we know of no such thing as real vocal sounds 
in insects. 

5. The Sense of Smell is evidently highly developed in some 
insects while among others it seems to be poorly developed or en- 
tirely absent. With many it is of extreme importance in finding 
food. The organs of smell are the antennae. Insects which feed 
upon carrion and like substances, or which deposit their eggs on 





such matter seem to find these substances almost exclusively by 
the sense of smell, finding it with evident ease evenif it is at some 
distance and concealed from sight. On the other hand if their 
antennae are removed many seem unable to find their food even 
though it is quite near and in full view. This indicates that the 
sense of sight is defective and that of smell very acute. 

The sense of smell is also utilized in finding mates. The males 
of the Cecropia, Luna and other moths have the antennae more 
developed than the females, and this seems to enable them to 
detect the presence of the other sex. In some moths, as those of 
the Canker-worms and Tussock moths, the females are entirely 
wingless on reaching maturity and must consequently be found by 
the males. In such cases the sense of smell must be the principal 
factor. 


Reviewing the matter up to this point we see plainly that the 
antennae figure prominently among the senses with insects, and 
that few insects could do without them, without being crippled in 
one or more departments of their sensibilities. 

Other Senses Possible. We have discussed the five senses that 
are known to us.. It is quite within reason that some insects may 
possess other senses which we cannot comprehend. We can 
scarcely imagine that the keenest sense of touch, taste, sight, hear- 
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ing or smell, could guide the honey-bee directly to its hive over 
miles of woods, fields and meadows. Or (leaving the insect world 
for the moment) we are at a loss to explain the wonderful flight 
of the homing pigeons, or the regular migration of our native 
birds, merely on the basis of the five senses which we pos- 
sess. Some naturalists believe therefore that certain aninaals at 
least, have an unerring sense of direction, and perhaps also of the 
distance which they have already come. If we can imagine sucha 
sense of direction and distance we can see that it would take the 
place of the compass and log of the mariner, by means of which 
he finds his way accurately across trackless seas. 

Very much of what we call Instinct among insects (and other 
animals) may be due to the possession of senses other than those 
with which we are familiar. Just what these senses may be, and 
how well they may be developed among different animals, are 
matters of mere conjecture at present. Taking this view, the sub- 
iect of Instinct takes on a different appearance. It loses its aspect 


of marvel, but increases in interest. 
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